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CHARACTERISATIOIV OF A FLOWING SUBSTANCE 



5 BACKGROUND OF THE INVENTION 

The invention relatea to a device and melliods for the characterisation of a flowine 
substoica^ Particular embodiments of the invention relates to liie use of ftc darvice for the 
identoficaHon of a flowing substance, &r controlling the flow of a fuel or combustion gas 
to deliver a controlled heat of combustion and for measuring the heat capacity of a sas. 
Further embo<^ments of the invention relates to a flow control device for controlWthe 
flow late of a flowing substance and a method for the combustion of a fuel or combustion 
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«^ T ^"^^ a controlled amoum of a flowing substance, fa 

most situations the nature of a flowing substance is known and substantially constant in 
composition over time. However, there are also situations where the nature of the flowing 
substance is not known. Such a situation occurs for example in natural cas distribution 
networta where (KflFerent siqpptieis pump natural gas of dififeccnt originB and/or 
ZO compositions into the networic to various customers. The gas suppUed to tlieTcustomera 
wn vary over time in composition and heat of combustion. Further, ifae flow properties of 
flie gas change m an unknown way because of changes in the viscosity or the density of 
tte vanous Jfferent gasses. Because of that, most flow control devices, like thermal mass 
now controlleis, oannot deliver an accurately conixolled mass flow in such a situation. 
25 Because of fte unknown changes in mass flow and heat of combustion, problems can 
^hl^ incomplete combustion of the gas. a too low enetgy zecoveiy and emission 

Another exan^le of such a situation, and a new application of the invention as described 
hereafter, is the dis^bution of fuels for engmcs. For optimum engine performance and 
feel economy it is desirable thai the flow control is able to deal wift varying and/or 
untaown fliel types and ccmipositions. TTiis will become more and mora relevant in view 
of the mcreasing desire to iiirther optimise fiiel economy, to ndmmise damaging exhaust 
^ses and m view of the expected increasing diveisification in fuels. Hence; fheco is a 
35 oasire for a device for the characterisation ofthe flowing substance. 

Well known devices for the characterisation of substances, like chtomatognmhy or 
spectrometty, are accurate but have the disadvantage that th^ are difficult to integrate in- 
Ime that Jie response time fer characterisation of the substance is too long for accurate 
aSStions ^ *^ ^"^"^ ^ expensive and too big for many 

DE 41 18 781 describes a device for the characterisation of a gas, m particular fbr the 

of combustion of a gas. comprismg a 
pressure eontrol, a lamellar pressure lesisiance for isotfaeimal eacpansion of the gas and a 
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mass and a volume flow zate measiirement unit. It is described that the gas cools a heating 
wire with constant over*temperature and the heating power supplied is xised as a measure 
for tihie mass flow. Apart fiom that the volume flow rate is measured. Further^ in the 
device fhe gas is expanded isolhermally over a Oow resistance with laminar flow giving 
rise to a pressure drop. The pressure drop over the flow resistance; the mass- and flie 
volume flow measurement imit is measured, which correlates approximately with fhe 
density of fhe gas. The Wobbe number and/or the heat of combustion aie evaluated from 
the measured mass-flow, volume-flow and pressure drop by substitaling the values in an 
empirical fit-formula» in which the constants are determined hy calibralion. 

The problem of tiie described device is fhat it is still rdatively complex and expensive 
and can be used only Ibr the identified purpose. In particular, it is a disadvantage that the 
device can only be used for the evaluation of heat of combustion of a gas. More 
importantly^ the device is too inaccurate. 



SUMMARY OF THE INVENTION 



Hence, there is a desire for a relatively simple and cheap device and for a quick but 
20 accurate and reliable charact^sation of a flowing substance, gas or liquid, fhat can be 
used in a flow control device to control the flow rate of unlmown substances. The 
problem and object of the invraiion is to provide such a device and method. 

This problem is solved according to 4ie invention by a device for fhe characterisation, of a 
25 flowing substance comprising: 

— a transport duct on which is moimted a heating or a cooling clement, 

— a temperature difference sensor comprising a fiist temperature measurement cell 
downstream of the heating or cooling dement and means to determine a 

30 temperature difference in the flowing substance upstream and downstream of the 

heating or cooling element, 

— flow control means comprising flow measurement means for measuring a mass 
flow diaracteristic and flow coircction means for correcting for measured mass 
flow variations, and 

35 _ evaluation means for evaluating a charact^stng feature of fhe flowing substance 
comprising a fimction relating temperature differences measured on one or more 
calilnalion substances to one or more characterising features of the flowing 
substance. 

40 The invention also provides a method for fhe characterisation of a flowing substance that 
is relatively simple but accurate, This method comprises fte steps o£ 

— locally heating or cooling the substance flowing Ibrou^ a transport duct; 
thus creating a temperature difference in fhe flowing substance upstream 

45 and downstream of the heating or cooling element, 

— det^cmining the tempeiature difference, 
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— controlling the flow by mcaswing a mass flow characteristic and 
correcting ffie flow for measured mass flow variatians and 

— comparing tfie measured tempeiatiire difference 'with corresponding 
temperatare diflerences measured on calibraUon substances for evalnatS 

5 a charactccising feature oftiiB flowing substance. 

B was Gjuai lhai, in flie device and metfiod according to the invention, a very accurate 
and reproducible tranperature difference measuiement is obiamed and that hence a 
10 rehable characterisation can be done. 

It is noted that in many poblicalions the lenn mass flow is mBopiopriately used For 
««mplemDE41 18 781 the heating power of the heating elemSisVropSti<S4S 
ae mass flow but also depends on many other fectora and cannot be used directly to 
15 chaiaetaise and control the mass flow of an unknown substance. la the pt^ent 
apphcation mass flow characteristic means, as described in more detail hercaJW. a 
chaiBctenstic relating durecUy to die real mass flow of Ae unknown flowing substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The following is a description of certain embodiments of the invention given by way of 
exanqile only and with reference to the appended dmwings, in which: 

o« f schemaiic block diagram of one embodim«ait of the device accoidine to 

25 mvention mcludmg measuronent of lie pressure difference over the sensoi; and 

FICS.2 IS a schematic block diagram of anoflier embodiment of the device accordina lo 

invention mcludtng a Coriolis sensor. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The flowing substance is forced to flow through a transport duct (30) on which is 
mounted a heatmg or a cooling element (40). The stream before that element is refened 
to w upstream (mdicated I m Figure 1 and 2). the stream after the element is referred to 
as do^^mstieam (indicated II in Figure 1 and 2). In Figure 1 and 2 the flow is forced 

v3»*5?.r?'2f'* K'' ^"^"^"^ ^^"^2^' ^« semi-penneable or 

vanable. The heating or coohng element locally heats or cools the substance flowing 
ttirougji a ^a^ort duct with an accurately constant amount of heat crealinE a 
temperature difference in the flowing substance upstream and downstream of the healine 
40 or cooluig element THe temperature difference sensor (50) comprises a fiiat temperature 
measuremwt ccU (51) downstream of the heating or cooling element. A single 
measurement cell can be used if Ae temperature upstream is known ftrai 
softer source and available to the means (52) to determine a temperature difference in 
lae flowmg substance i^stceam and downstream of the heating or cooling element For 
n^S^ upstream measurement cell (53) is preferred to measure the 

actual temperature difference. Although in principle good results can be obtained wifli a 
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cooling element, for example a Peltier el^CTt a heatiiig element is prefeired because a 
cooling element has the risk that gas can condensate on the element. A heating dement is 
more accuiate and less e^qjensive. In applications where the flowing medium is a liquid 
having a boiling point near the measurement temperature, a risk may exists (hat on 
5 heating a phase transition to gas exists. In such cases a Peltier element is prefened. 

Devices comprising a healing element and a temperature difiTerrace sensor comprising an 
upstream and downstream ten^erature measurement cell are known and used as flow 
controllers, in particular gas flow contiX)llers, Such gas flow controllers are commenaally 
10 available from Emerson Process Management, Brooks Instrument Division ®. The 
measured temperature difference is proportional to the amount of gas flowing through the 
sensor and can be used to measure and control the flow. 

I£ in a given temperature difference measurement sensor, the flow rate of the flowing 
IS substance is too high or too low, the accuracy of the temperature diff^cncc measurement 
is ton low. Therefore, the device according to the invention preferably also comprises a 
flow rate means for s^justing flow through the transport duct in a detection range of the 
tCTiperaLurii: dil&rence sensor. The flow rate means can be a valve upstream of the sensor 
(93) or a variable restrictor (142) in or bridged by the transport duct or a combination of a 
20 valve and a restrictor. 

Hie device comprises flow control means comprising flow measiurement means (61) for 
measuring a mass flow characteristic and flow correction means (62) for correcting for 
measured mass flow variations. The inventors have found that this particular flow control 
25 means correcting for real mass flow variations assure an accurate and r^iroducible 
temperature difference measurement. The high accuracy and reproducibitity assures tiiat 
the device is capable of idenllj^^ing substances even if they are very similar and have very 
close heat capacity. 

30 The flow measurement means (61) can determine the mass flow characteristic directly^ by 
special separate mass flow measuremrat devices as described below in more detail, or 
indirectly by measuring the pressure difference over the sensor, preferably at known 
absolute pressure and temperature. It should be noted that sometimes flow meters or 
controllers are called mass flow mecers/controUers whereas they actually measure/control 

35 only volume flow. The volume flow is not a real mass flow chordclerisLic. The invc^nlors 
found that using the volume flow &r characterising and identification of a flowing 
medftim gives unreliable results. It is believed that the reason for that is that volume flow 
is affected by many variables, like density, viscosity etc. of the flowing substance, which 
change in an unknown way when passing an unknown flowing medium by the heating or 

40 cooling element. 

Flow correction means (62) can be physical or mathematical. Physical flow correction 
involves a pressure difference control maintainir^ a substantially constant pressure 
difference. Mathematical flow correction involves correcting the measured tCTpcrature 
45 differCTicc for the influence of measured variations in tiie mass flow. 
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The evaluationmeans (70), for example a computer, use the temperature difference 
measurement for evaluating a ohaiacterisins feature of the flowing substance The 
evali^on means comprise a function, for example a data-base, a calibration equation or 
the t«t of a condition. relaUng Icmpeialure dilTerences measured in defined standaid 
5 conditions on one or more calibration substances to one or more ehaiaotetising features of 

on^ut of flie device to tiie user or to another device. CaiaiacterisatiQn of the flowinu 
substatwe ,s broadly defined. Depending on the patticular plication of the device 
in Z^'^f?"" -1" ^^J- measurement of the heat capaoity of the substance. 

IL^ 'ZL'^"^'^''^'^ information of the 

SmSw deS^e "'^'^y signal Sir example for controlling 

The function can be a data-base that can be used as a look ^ table to primarily identify 
fte calibration substance with the best corresponding temperature difieiiice and 
siAs«iuent y retam as output one or mora characterising feabnes of that calibration 
^s^ce hsted m the database. TTie database can comprise many differentSLTcS^ 

fnbstance features, for example the heat capacity, tte heat 
combusnon m case of fuels or natural gasses, but also derived featar«..like the name of 
fte substance, the composition of the substance, set^^aiBmeters fer conttollmg anoA^ 
dcfvicc, an address of the supplier of the substance etc anomer 

TJe function can also be a calibration equation relating measured temperature 

25 nSS«t S ''^^T'^^^J^'^ "^^ ^'J^'^^" comprises constants determined by 
25 rn^unng the tenperature difference on a number of diJIfeient calibration substances and 
^^^I^V* d««cterising features of the calibration substances. Ihis 

cha^nsa^ toectly ev^uates a property of tfie substance without identifying the 
aat The calibration equation can for example relate the measured teZ^ture 
*J»fife««w«tolhespecificheatcapacity.aeWobbenumberofthesubstanoe. 

H» evaluation means can also be used to derive mfoimation not directiy rekited to the 
^ of the substance, fa case of changmg compositions of known - componente the 
equation m»ns can evduate the composition parameters. In appKcation to control 
•*5 evaluation means can b^ instead of the heat 

Wer or «igine. The function is can than be determined quasi empitfcal by testL 
optimum perfennancc of the burner for a number of different ^ses. 

The function can also be the evaluation of a condition, for example comoarine the 
40 m«»red temperature diflferenee with a thre^^^ 

means a yes or no or an action based on Aat result. « Bvaiuauon 

^^i^*^,!" *° * combmation of the aforementioned fencUons. For example 

45 and lettirnmg the heat of combustion of the substance: In case the ov^uation ^ns 
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cannot give an imainbiguou3 positive identifxcation;, the calibration ftmction can give an 
estimate instead, 

The function defines at kaown standard measurement conditions in order to get a 
5 meajiingfiil evaluatioB of a characterising feature &om a temperature difTerence measured 
on an unknown flowing mediimi. Standard measurement conditions are primarily (he 
absolute measurement temperature and pressure. To know the real temperature diff^ence 
chaiacteristic for the substances, the signal from tfie temperature measurement cells (S3 
and Si) should further be calibrated with known substances for the particular apparatus 
10 and chosm pressure difference over the temperature difference sensor. The measurement 
of unknown substances does not necessarily have to be performed at standard conditions 
if the temperature and pressure are known or sufBcicntly constant to allow for 
mathemalicalcorrection as explained below. 

IS The flowing substance (20) can in principle be any substance capable of flowing through 
the transport duct of the sensor, for example a gas, a liqiiid, an emulsion or dispersion. 
The preferred mode of construction of Ihc device differs depwding on whether the 
flowing substance is a liquid or a gas. 

20 In a first embodiment of the device, the flow measurement means (61) comprise a 
pressure measurement cell (90) for measuring a pressure diiference over the temperature 
difiEbrence sensor (SO) and the flow correction means (62) comprise pressure difference 
control means (91) for maintaining a substantially constant pressure di£feience over the 
temperature difference sensor, for example by operating a valve upstream (93) or 

2S downstream of the tempcmturc diiSTerence sensor (see Figure 1). It was found that veiy 
accurate and reproducible temperature difference measurements are obtained when &e 
pressure diff^ence over the sensor is maintained substantially constant. 

A single pressure measurem^t cell upstream or downstream of the sensor can in 
30 principle bu used if the pressure at the otiier end is known JSrom another source such that 
the pressure difEerence in the flowing substance upstream and downstream of the heating 
or cooling element can be detmnined. For an accurate characterisation of the mass flow 
through the sensor, the pressure should be known directly before and after the 
temperature difEerence sensor and hence preferably is measured as close as possible to the 
3S sensor. Tlierefbre, a second pressure naeasurement cell measurement cell (92) is preferred 
to measure the actual pressure diSerence. The first and second pressure ceU can also be 
integrated in a single pressure difference measuremcait cell. 

hi another embodiment the invention the flow measurement means (61) comprise a 
40 pressure measurement cell (90) for measuring a pressure difference over the temperature 
difference sensor (SO) and the flow correction means (62) comprise computing means Sot 
mathematically correcting the measured temperature difference for a measured pressure 
difference variatioxL The mathematical conection by the flow coirection means can be a 
multiplication of the measured temperature difiference by the mtio of the measured 
45 pressure difiference and the standard pressure difference, that is the pressure difference 
used fbr measuring the calibration substances, hi view of the accuracy of the teniperature 
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<^rence raeasm-ement, the malfaematical coircction is preferably performed on the basis 
of a calibration fiinetion relating the pressure difference over the sensor to the measured 
'V^^^^"*- Preferably, the absolute temperature and absolute pressure are 
substantially the same as in the caUbtation mBasni^ents. 

fa another embodiment the flow measurement means (61) comprise a mass flow sensor 
(1 10) measunng the mass flow flirough the temperature difference sensor (50) and the 
flow correction means (62) comprise mass flow control means (91) for mahitaining a 
substantially constant mass flow throu^ the temperature difference sensor (50). In an 
alternative embodiment (shown in Kgure 2), the flow coriBction means (62) commises 
computing means (111) for mathematically comscting flie measured temp^oi^ 
cUffrace for a measured mass flow variation. Hie mathematical correction of the mass 
flow variation witli respect to the standard measurcmimt condition is done as descrilied 



Suitable mass flow sensors (1 10) are. for example, a coiiolifi., an ultrasonic or a sonic 
nozzle massflow sensor. Mass flow sensors directly measure mass flow, irrespective of 
prrasure diflermce variations over die sensor and absolute temperature and pressure 
*ffcremces. A mass flow sensor allows for more accurate control of the m^s flow 

20 fltaough die sensor and accurate and reproducible tcmpetatme difference measurement 
•nns embodiment, using Coriolia mass flow measurement, is particularly suitable for 
charactwismg fluids. A further advantage of using the mass flow sensors described above 
IS ftat they as a result of the same measurement also produce the density of the flowmg 
mediimi which can be used as additional information by the evaluation means (70) to 

25 idenbfy or characterise the flowing medium. Hie resolution of the identification, th^ is 
the chance of uniquely identifying an unknown pompound in a set of (shnilar) 
compounds, increases by looking in flie calibratian substances database for the closest 
match m boa the measured temperature difference and die density. 

30 In an open-ended system, changes in atmospheric pressure can cause significant changes 
m the downstream absolute pressure. Keeping the pressure difference over the sensor 
constant, as m one embodiment of the invention, results in a constant mass flow through 
ae sensor but not (necessarily) to a constant absolute pressure in the sensor. In case of 
bquids the effect of absolute pressure deviations are small. In case the flowing substance 

33 is a gas coirection is however prefeired. To fuither improve the lepioducibility flie 
device accordmg to the invention preferably comprises pressure correction meals to 
correct for an absolute pressure variation in the flowing substance. 

The correction preferably is physical because that gives more accurate results. The 
40 correction means comprise a pressure control for maintaming a substantially constant 
absohne pressure m the flowing substance, for example by including a valve up- and 
down strram and a separate control for maintaining a substantially constant absolute 
pxwsure. Malhemalical correction can be applied here as weU. Mathematical correction 
of the absolute temperature or pressure has flie advantage thai the device is simpler and 
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Preferably the device also comprises temperature correction means to correct for an 
absolute tempeiaiuce variation in the flowing substance. The correction can be physical, 
for example by a tfaermo stated housing, or mathematical by temperature correction 
means comprising len^erature measurement means (121) and calculation means (122) 
S fiir mafhranatical correction of the measived tempeiature difference over the sensor (50) 
fiir a measured absolute temperature variation. 

M a preferred mbodiment^ the flow measurement means (61) comprise a pressure 
measurement cell (90) for measuring a pressure difference over the temperature 

10 difference sensor (50) and (he device further comprises temperature correction means to 
correct for an absolute tezc^erature variation in the flowiAg substance and pressure 
correction means to correct for absolute pressure variations in the flowing substance. The 
advantage is that this device shows a more accurate and very reproducible temperature 
difi&fence measurement. A schematic T^nresexitation of a preferred embodiment is 

IS illustrated in Figure 1, the device comprises an upstream (92) and a downstream pressure 
cell (90) of the pressure diffexence measurement, wherein the downstream pressure cell is 
used also to dctcmiine absolute downstream pressure ibr input to the mathematical 
correction means. The pressure difference is input to physical mass flow control means 
(62) comprising a pressure difference controller operating a valve (93) to nuuntain 

20 substantially constant pressure difierence over the temperature sensor (SO). Further, in 
Figure 1 a temperature measurement means (121) determines the absolute downstream 
iempeculure for input in calculation means (122) for correction of die absolute 
temperature variations. 

25 In case the flowing substance is a gas, mathematical correction for deviations in absolute 
pressure and temperature from the standard conditions can in a liral approximalion be 
calculated from a general formula based on the ideal gas behaviour of gasses. The 
corrected temperature difference value (ATcon) is obtained by multiplying the measured 
temperature differencc'(AT|iKas) by a correction factor (Qr) for absolute temperature 

30 deviations (T — Toianii) and by a correction factor (Qp) for absolute pressure deviations (P — 
r jiumd)* Qt and Qp are 1 in case the device has physical correction for absolute 
tempemture or pressure. ATcoxr can be calculated as follows: 

ATcoir= ATmeas • Qt • Qp 

35 

Wherein: 

Qt = 1 + CT - T,iarta)/(273 + T^tand) + 0.00286 * (T - T««,ci) 

40 Qp^ P Biand/P (P in mbar) 

Preferably, the mathematical correction can be done on the basis of a calibration 
determined by measuring the absolute temperature or pressure dependence of the 
temperature difference measurement on calibration substances that are similar to die 
45 imknown flowing substances expected. This can be done in a meaningful way for well- 
defined application areas» wberc the general nature of the flowing substances is Imown as 



SLS^i^' ^ chaactensing unfaiowii natural gasses. The absolute tcmperature and 
^^^^''^ f » detained on a set of different natuial caUl^^^^to 
csiabhBh the range and average of the coirections &ctois to be ^plied. 

^ wfi^^' 5^ C30) is mounted as a by-pass (140) on a main duct (141) in 

7^nr '"J''^'^ fiom fte main duct through the ItAoiTdurt Ld 

sensor and back mto the main duct To create tbe flow tfaou^ the hy^s a Sotor 
"^T^^^^ll"^ in the main duct creating a p^ssato <Kce^ fte 

lu cumoit mfli a smaller crass-section area or a porous substance. « ««« 

flow S^tof^^T ^"^^ T"?^ * ^''^ ^'^hing on and off the 

now coattol means, fii the on-mode the pressure controller is used hiding to 

Ae ^ oF-position, the device measures the mass flow^^"^ 

J! ^ ZT ^ '"^^'^^ the actual flow late of the flowing subst^e 

the trmsport duct is measured, now using the measured tempeiatuS diff^oe wdSr 

Se c^'aKr '^TTf *^ « « for *e mass ^^T^Z 

9S fS^i*** preferred ^bodiment comprises means for inteimitteDfly switching the switch 
t ^ .md means to control the flow rate of lie flowSfg^^^e 

m Je off-position of the swiich at a level determined by a characterising feSweSftc 
flojmg substance detenmned in the on-position of theVitch. TT»e adJ^SgToftSs 

^ ^^'^ ^^^8 Characterising feauLor 

30 5 * S""^! For example, Ae device in the on-mode idlnti&rth^ 

fl^wraTelS^ft'^,— '^'^^^'^'^r'"^""^^*^^^ 
^J^l fr?^ " delnrenng a constant heat of combustion according to a given 
preset level. Th.s device is particularly useful for controlling the flow of a fiiel of viSiS 
ongms and compositions locombuslion engines or ovarii. 

STs.^if^- according to the invention may be used for the identification of « flowing 
^^S^^H f B«««s, or for controlling the flow of a fuel to deli^ 

SS^^t r Sf ^ *««»Pl' to an engine or to a burner, as an aSS^c^ 

mstmment for the deteimmation of the heal capacity of a flowing substan,nrfor 

W s3?o , 'T'^T'^i*^ identification oTfte SmT 

source or supphcr ofa flowing substance. An engine comprising a device for co^tSe 

\5 ^rll^oiSe^Tr^r^^^ ^ P^""*^°°- be adapted 

o «» enable to Identify the sonree and nature of the pollution 

A method for tbe characterisation ofa flowing substance may comprise the steps of - 



10 

— Locally heating or cooling a substance flowing through a transport duct by a 
heating or cooling el^ent, 

~ Dctennining a temperature di£ference in the flowing substance upstream and 
downsti^m of the beating or cooling clCTiunt, 
5 — Controlling mass flow of the flowing substance in the transport duct by measuring 
a mass flow characteristic and coirecting for measured variations tn the mass flow 
characteristic, and 

— comparing the measured temperature di£ference with corresponding temperature 
differences measured on calibration substances for evaluating a chazacterising 

10 feature of the flowing substance. 

Detailed explanation of preferences and advantages described above for the dc^vice 
correspondingly apply where appropriate to the methods described above. 

15 The mcttiod can be carried out in many different embodiments, hi one embodiment of the 
method the measured mass flow characteristic is a pressure difference over the heating* 
or cooling element and the measured temperature diCfeEence is corrected mathematically 
for a measured pressure difference variation. The advantage of this embodimCTt is that it 
is simple and cheap to produce^ whilst giving sufficiently accurate temperature difiference 

20 measurement and characterisation of the flowing substance for many purposes and 
applications. 

In anoQi^ embodiment of the method the mea.suredma5R flow characteristic is a pressure 
difference over the heating- or cooling element and the mass flow is corrected for a 
25 measured pressure di£IcrC3icc vadaliun lo maintain a substantially constant pressure 
difference over flie element. Ihe advantage of this embodiment is that the physical 
correction gives more accurate and reproducible temperature difference measurements 
and hence more reliable characterisation of the flowing substance. 

30 For more critical applications, where a high reproducibility and accuracy of the 
temperature difference measurement is required preferably fiirther correction is made for 
absolute temperature variations and absolute pressure variations in the flowing substance 
in a way described above. In a preferred embodiment^ wherein the measured mass flow 
characteristic is a pressure difference over the heating- or cooling element; the mass flow 

35 is corrected for the measured pressure difference variation to maintain a substantially 
constant pressure difference over the element and correction is made for absolute 
temperature variations and absolute pressure variations in the flowing substance. 

In a different embodiment of the method the measured mass flow characteristic is the real 
40 mass flow rate in the transport duct measxued with a mass flow sensor and tiie mass flow 
rate is corrected fbr a measured mass flow rate variation to maintain a substantially 
constant mass flow rate. The advantage of this embodiment is that the Lenip&raturc 
difference measurement is v^y accurate and reproducible. Suitable mass flow sensors 
and their applications are described above. 
45 In a more simple and cheaper but still very accurate and r^roducible embodiment of tiie 
method the measured mass flow characteristic is a real mass flow rate in the transport 
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duct measured with a mass flow sensor and the measured temperature diffexence ia 
mathemateaUyconertedfer a measured mass flow rate variatio^^ cUlterence is 

^A^^^ substance is identified by retrieving ftom a database the 

Identity of the calibration substance witfi the best coiresoondinB te™,™,^^ 
measuremant. On.e the flowing substance is ?denSS^fte Sc^p^es^TSS 
sjibstance «„ be retun,ed to the user. In an important appH^Z^offte^etiid^ 
SZ^i^^r * «»<1 natural gas is cSactised by Se 

^CTHice measuTMaente of di£fereat natural gasses with one or more charactetisine 
Wes of SMd natnial gasses. the characterising feature relating to oTi^^ 

mcasurment. For example, in the method ZLabafe or 
comprises the heat of combustion of calibration gasses and the temperature diff^« 
measurement is naed to determine the heat of coirtnistion of Se BM 

t c^'SiST^lS ^ combusSTgas'ltXth^K^ 

IS characterised according to the method of the mvention and mixed wfth an^rlS! 

coataimngfiasmamixingmtio based on themeasuredtemperata^^^e. ^ 

I|;SJ?*L^??° ^ ^^"^ described by reference to certain embodunents It will be 
recogms^d ttjat these embodiments are susceptible to may modificatioT^ ah^atfv^ 

25 S^l, J"""^*^ ^v"^ *^ ^ Accordingly, although specifi^^nbodSl^ 
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CLAIMS 



S 1. Device for the characterisBtion of a flowing substance (20) comprising: 

— a transport duct (30) on which is mounted a heating or a cooling element (40), 

— a temperature difference sensor (SO) comprising a first tcmpciature measurement 
cell (51) downstream of the heating or cooling client and means (52) to 
detennine a temperature difierence in the flowing substance iqistream and 

1 0 downstream of tiie heating or cooling element, 

— flow conixol means comprising flow measurement means (61) for measuring a 
mass flow chanicterisdo and flow correction mqans (62) for correcting. Jfor 
measured mass flow variations, and 

— evaluation means QIO) for evaluating a characterising feature of the flowing 
1 5 substance comprising a function relating temperature differences m easured on one 

or more calibration substances to one or more characterising features of the 
flowing substance. 

2. Device according to claim 1, charactedsed in that the function is a data*baso or a 
20 calibration stjuatiun. 

3. Device according to claims 1 to 2 characterised in that the device also comprises a 
flow rate means for adjusting flow through the transport duct in a detection range of 
the temp^aturc difference sensor. 

25 

4. Device according to claims 1 to 3 characterised in that the flow measurement means 
(61) comprise a pressure measurement cell (90) for measuring a pressure difTerence 
over the t^npcrature dlEEerence sensor (50) and the flow correction means (62) 
comprise pressure difference control means (91) for maintaining a substantially 

30 constant pressure difEcicnce over the temperature difference sensor. 

5. Device according to claims 1 tb 3 characterised in that fhc flow measurement means 
(61) comprise a pressure measurement cell (90) for measuring a pressure difference 
over the temperature difference sensor (50) and the flow correction means (62) 

35 comprise computing means for mathematically correcting the measured temperature 

difference for a measured pressure difference variation. 

6. Device according to claims 1 to 3 characterised in that the flow measurement means 
(61) comprise a mass flow sensor (110) measuring the mass flow through the 

40 temperature difiS^ence sensor (50) and the flow correction means (62) comprise mass 
flow control means (91) for maintaining a substantially constant mass flow through 
the temperature difference sensor (50). 

7. Device according to claims 1 to 3 characterised in that the flow measurement means 
45 (61) comprise a mass flow sensor (1 10) measuring the mass flow through the sensor 

(SO) and the flow correction means (62) comprise computing means (111) for 
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J^^ticHUy connoting the measured tempaaime diflfer«nce for a measured mass 

8. f ^''^ a««>rfine to claims 6 or 7, characterised in flat the mass flow sensor (I m is 
aconolis-, an ultrasonic or a sonic nozzle mass flow sensor. ^ ^ 

9. Device according to claims I to 8, chaiacterised in that the device also rom««-co- 
rSsS^*^"" to correct «,r an absolnte L:S;cS^e%^°.riT;i 

10. Device according to claim 9, chaiacterised in that tihe temperature correction mean., 

"^VT'^^T ^r^^' calc«Ldn^0l2rSJ 
maOiematical correction of the measured lemp^ture diflE««ico ovor the se^ fOT? 
for a measured absolute temperature variation. e ovor me sensor (50) 

11. Device according to claims 1 to 10, characterised in that the device also comrrise«. 
F^^n^ xneans to correct 5,r an absolute pressme variation t flSZ^S^ 

12. Device according to claim 11. characterised in that the pressure correction means 

=i.ie&gsri!^ ^ 

fmTJ.^^^ to claim 1 to 5, characterised in that the flow measurement maam, 
^ ^^S^L^TJ^"*'^^ ^**> ^ "^swing a pressure diIlS«»^ 
^^^uS^^T (50) and that die device further com^^^ 

temperature correction means to correct for an absolute temperature variation^ t^ 

&trs.rg=u!^^^°" ^ ^^^^ 

^'^'Z'^Zr^'^^ ^ ""^"^ ^ ^ " characterised m that the transport duct (30) is 
by-pass (140) on a main duct (141) in which a part^,f .he s^Sce 
flews W tlw. mam duct throng flic tram;port duct and senZr and back intone 



* ^ comprising a switeh (160) for switching on ami 

S ^rflo"'"^* "5!^ " off-position, me device measui4 rfl^ 

rate of flie flowing sub8i4aice through the transport duct. 

"'^^t^'t^'*"^ *° J^^T" ""^rising means fcr intennitteatly switching flie 
to «e on- and the off position and means to control the floTrateS fee 
fhZf ^^"^^ ^\°«f-P«-ition of the switch sTTTcvT^^^ by « 
*^tensmg feature ofthe flowing substance detemuned in the on-^^rfth^ 
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17. Use of a device according to claims 1 to 16 for flic identification of a flowing 
substance. 

18. Use of a d^ce according to claims 1 to 16 for controlling the flow of a fuel to 
S deliver a controlled heat of combustion. 

19. Use of a device according to claims 1 to 16 for the detemiination of the heat edacity 
of a flowing substance. 

10 20. Use of a device according to claims 1 to 16 for the identification of the source or 
sillier of a fiowing substance. 

21. Method for the characterisation of a flowing substance comprising the steps of 

— Locally heating or cooling a substance flowing through a transport duct by a 
15 heating or cooling dement, 

— Detcmiining a Lempeialure difFeience in (he flowing substance upstream and 
downstream of the heating or coolmg element, 

— Controlling mass flow of &e flowii^ substance in ^e transport duct by measuring 
a mass flow characteristic and correcting for measured variations in the mass flow 
20 characteristic, 

— comparing the measured temperature dijSferCTce with corresponding temperature 
difTerences measured on one or more calibration substances for evaluating a 
characterising feature of the flowing substance, and 

25 22. Method according to claim 21 wherein the measured mass flow characteristic is a 
pressure difT^ence over the heating- or cooling element and wherein the mass flow is 
eoxrected far a measured pressure difference variation to maintain a substantially 
constant pressure difference over the element 

30 23. MeAod accordmg to claim 21 wherein the measured mass flow characteristic is a 
pressure difiference over the heating- or cooling element and wherein the measured 
tttnpcraturc difference is corrected mathematically for a measured pressure difiemce 
variation. 

35 24. Method according to claim 21 wherein the measured mass flow chaiacteristic is a real 
mass flow rate in the traospozt duct measured with a mass flow sensor and wherein 
the mass flow rate is corrected for a measured mass flow rate variation to maintain a 
substantially constant mass flow rate. 

40 25. Method according to claim 21 wherein tiie measured mass flow characteristic is a real 
mass flow rate in the transport duct measured with a mass flow sensor and wherein 
the measured temperature dilTerence is mathematically corrected for a measured mass 
flow rate variation. 

45 26.Mefliod according to claim 21 wherein tjie measured mass flow characteristic is a 
pressure difference over the heating- or cooling element and wherein the mass flow 
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rate is coiTected for Uie measured pressure difference variation to maintain a 
substantially constant pressure difference over file element and wherein fbrflier 
correction is made for absolute temperature variations and absolute pressure 
v2uiations in the flowing substance. 

27. Metfiod accoiding to claims 21 - 26 wherein the flowing substance is identified by 
retnevmg from a database the identity of the caUbraiion substance with the best 
cone^onding tenqwrature difference measurement 

28. Method according to claim 21 to 26 wherein Ihc flowing substance is a natoial gas 
and wherein the natural gas is characterised by measuring the temperature difference 
and retncvmg from a database or function, relating temperature difference 
measurcmsnls of different natural gasses witfi one or more characterising features of 
said natural gasses, the characterising feature relating to the measured tenmeralure 

15 difrerencB measurement. 

29. Method according to claim 28 wherein the database or function comprises the heat of 
combustion of calibration gasses and the teh^eiature difference measurement is used 
to detenmne the heat of combustion of the gas. 

30. A^fethod for the combustion of a combusCion gas wherem die combustion gas is 
charac^sed according to method claim 29 and mixed wiA an oxygen containing gas 
in a mixing ratio based on the measured temperature difference. 
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Figure 2 
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Abstract 



TTie invention relates to a device and methods for tlie characterisation of a flowing 
5 substance liquid or gas. Particular embodimants of the invention relates to the use of the 
device for the identification of a flowing substance^ for controlling the flow of a fuel or 
combustioa gas to deliver a controlled heat of combusiion and for measurins the heat 
^inn^Jtlffl ?n5o«ii?»ents of the invention relate to a flow coniroldevice for 

1 n ^^'^if ® substance and a method for (he eombnstion of a fiiel 

lU or combustion gas. The device for the characterisation of a flowing substance comniseB 

— a transport duct on which is mounted a heating or a cooling element 

— a temperature di£^rence sensor comprising a first temperature measurement eeU 
downstteam of the heating or cooling element and means to detenmne a 
tan^eratuie diffetence in the flowing substance upsti^ and downstream of the 

13 heating or cooling dcmmi, 

— flow control means comprising flow measurement means for measuting a mass 
floZ^^^S^d correction means fer conecting for n»a^ mass 

— evaluation mems for evaluating a characlerising feature of the flowing substance 
co^ismg a fimclion relating temperature differences measured on one or more 
SS.°°Tr^'*^^ to one or more characterising features of Ae flowing 
gubstance.The device is relatively simple and cheap and gives a quick hut accurate 

»id ichable characterisation of a flowing substance, gas or liquid, that can be uSTi 
flowcomroldevicetoconttolthcflowrateofunfcnownsiibstanc«! "SM m a 
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